typically heterogeneous and that its species were distributed all through the Neisseriaceae cluster. Rossau et al. (1989) also pointed out that all the species of Neisseria were clustered to a group except the three species: i.e., N. canis, N. animalis and N. dentrificans. Therefore, the allocation of these three species in the genus Neisseria is not certain. These results were proved by the present studies of 16S rDNA analysis. In this paper we present substantial evidence, mainly from the 16S rDNA sequence, fatty acid composition, quinone system and biochemical tests to elucidate the taxonomic position of the genus Alysiella and are also concerned with the phylogenetic analyses of the related genera of the family Neisseriaceae Prevot 1933, 119 AL .
Materials and Methods
Bacterial strains and culture media. Strains A. filiformis IAM 14968 T (ϭATCC 15532 T ) and IAM 14895 T (ϭNCTC 10282 T ) were used in this study, while NCTC 10282 T originated from ATCC 15532 T . Simonsiella crassa IAM 14969 T (ϭATCC 15533 T ), S. steedae IAM 14972 T (ϭATCC 27409 T ), Simonsiella sp. IAM 15036 (ϭATCC 29436), IAM 15037 (ϭATCC 29437), IAM 15038 (ϭATCC 29465) and N. denitrificans IAM 14975 T (ϭATCC 14686 T ) were also used in this study. Bacterial strains were incubated in ATCC medium 653 (Gherna et al., 1992) at 37°C except for N. denitrificans IAM 14975 T , which was incubated in ATCC medium 4 (Gherna et al., 1992) .
Electron microscopy. Cells grown on solid medium were fixed in a solution of 1% glutaraldehyde in 0.01 M phosphate buffer (pH 7.2) for 2 h in room temperature. Cells were spread on a slide and air-dried. Water was removed gradually by suspending the samples in an acetone series (30%, 50%, 70%, 90%, 95% and 100%) and 100% 2-methyl-2-propanol solution. Samples were freeze-dried, spatter-coated with platinum under a vacuum, and observed with a model Hitachi S4500 scanning electron microscope.
Biochemical analysis. API 20NE and 50CHL (BioMérieux, S. A., Marcy-I'Etoile, France) were used to determine the physiological and biochemical characteristics. The API strips were incubated for 2 days at 37°C.
Chemotaxonomic investigations. Cellular fatty acid methyl esters were prepared, separated and identified by using the Microbial Identification system as de-scribed by Xie and Yokota (2003) . The respiratory quinone system was extracted and determined by HPLC (Shimadzu, Kyoto, Japan), and the genomic DNA extraction, PCR-mediated amplification of 16S rDNA, and sequencing of the PCR products were carried out as described previously (Xie and Yokota, 2003) .
Analysis of sequence data and construction of a phylogenetic tree. The DNA sequences of A. filiformis were compared with the sequences obtained from the DNA database. The sequences were aligned with the CLUSTAL W software package (Thompson et al., 1994) and evolutionary distances and the K nuc value (Kimura, 1980) were generated. Alignment gaps and ambiguous bases were not taken into consideration and 1,204 bases were compared because of some substitutions, insertions and deletions that could be attributed to possible sequencing errors in these published sequences (i.e., an error rate of 0.78%) (Harmsen et al., 2001) . A phylogenetic tree was constructed by using the neighbor-joining method (Saitou and Nei, 1987) and the K nuc value. The confidence of tree topology was evaluated by bootstrap resampling analysis (Felsenstein, 1985) with 1,000 replicates. The similarity values were calculated using PAUP 4.0b1 (Swofford, 1998) . For further phylogenetic analysis, the dataset was calculated by maximum likelihood method using PAUP Program, and the bootstrap values were also calculated.
Nucleotide sequence accession numbers. The 16S rDNA sequences determined in this study were registered in DDBJ as the accession numbers: A. filiformis IAM 14968 T (AB087262), IAM 14895 T (AB087263), S. crassa IAM 14969 T (AB087264), S. steedae IAM 14972 T (AB087261) and N. denitrificans IAM 14975 T (AB087265).
Results

Morphological characteristics
The scanning electron micrographs of S. crassa IAM 14969 T , S. steedae IAM 14972 T and A. filiformis IAM 14968 T are shown in Fig. 1 . These microorganisms present flat multicellular filaments that may reach from 2 to 10 mm in width and 50 mm or more in length, and they possess bilateral symmetry. The cells of S. crassa and A. filiformis are filamentous, paired, smooth and plump, whereas those of S. steedae are concave on one side, and have an appearance similar to those of Simonsiella sp. of cat origin (Kuhn et al., 1978) . The cells of A. filiformis have a palisade organization in the middle of individual cells that are attached to each other, and the ends of the individual filaments are square, while the cells of S. crassa are shaped like disci.
Physiological and chemotaxonomic characteristics
A. filiformis, S. crassa, S. steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) were catalase-and oxidase-positive. A. filiformis and S. crassa were positive for the production of acid from glucose, maltose, mannitol and sucrose, and were also positive for the hydrolysis of gelatin and casein, while S. steedae and Simonsiella sp. of cat origin (Kuhn et al.,1978) had the opposite reactions, which can be distinguished from them well. The phenogram based on the biochemical characteristics also showed that S. steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) were clustered together, and S. crassa was distant from the S. mulleri and S. steedae-Simonsiella sp. cluster (Kuhn et al., 1978) .
A. filiformis IAM 14895 T , IAM 14968 T , S. crassa IAM 14969 T , S. steedae IAM 14972 T and Simonsiella sp. IAM 15037 possessed similar major cellular fatty acid compositions: 16:1 w7c, 16:0, 18:1 w7c and 14:0; the major hydroxy fatty acid composition is 3OH-12:0. A. filiformis and S. crassa had unique fatty acid composi- . Individual cells are smooth and plump, and the cells at the end of filaments are smaller than those in the middle of filaments. Scale bar, 2.4 mm. (C) Simonsiella steedae (IAM 14972 T ). Bow-like individual cells connect together to form boat-like filaments. One side of an individual cell is swelled, and the other side is sunken to create a lateral curvature or concavus. Scale bar, 4 mm. tions (ECL 15.487) with more than 1%, while S. steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) contained none or less than 0.1% (shown in Table 1 ). All species of Simonsiella and Alysiella had the respiratory quinone (ubiquinone-8), by which the b-Proteobacteria is characterized. The GϩC content of the DNA of A. filiformis IAM 14895 T and S. crassa IAM 14969 T were around 45 mol%, which is 10 mol% less than that of S. steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) .
Phylogenetic analysis
The 16S rDNA sequences of the strains determined in this study and the data obtained from the DNA database were considered to elucidate the phylogenetic relationship by using the NJ (neighbor-joining) and ML (maximum likelihood) methods (Figs. 2 and 3). The genera Alysiella and Simonsiella are grouped within the family Neisseriaceae. In the phylogenetic tree analyzed by both NJ and ML methods, we found that the genus Simonsiella was genotypically heterogeneous and constituted three separate individual clusters. 1) The type species, S. muelleri was clustered to N. denitrificans but the bootstrap value was less than 70%, and no other specific evidence was found to support a close relationship between them, especially as they have different GϩC content of DNA (41 and 56.2 mol%, respectively); 2) The phylogenetic relationship between the strains of S. steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) was close and formed a tight cluster (having 97.6% bootstrap value) with 96.2% 16S rDNA sequence similarity; 3) Four strains of S. crassa and A. filiformis also formed a tight cluster (having 100% bootstrap value) with 98.7% 16S rDNA sequence similarity (shown in Table 2 ). In the NJ analysis, the Alysiella-S. crassa cluster and S. steedae-Simonsiella sp. cluster are shown to belong to a sister phyletic group with less than 70% bootstrap, while in the ML phylogenetic analyses these two clusters form two separated clusters. The poor phylogenetic relationship between these two clusters indicated that they belonged to two different genera. These two clusters can be identified by signature information in the 16S rDNA sequences (shown in Table 3 ): the Alysiella-S. crassa cluster has a two-base gap in positions 78-79 paired to 90-91 in the secondary structure (Brosius et al., 1978) , while the S. steedae-Simonsiella sp. cluster has a two-nucleotide base AA or AG paired to UU or CU. This significant molecular information means these two clusters have diverged in their evolution from a common ancestor. The bootstrap value in the NJ tree is consistent with the result from the ML tree, and the clusters of S. muelleri, N. denitrificans, E. corrodens-K. denitrificans-the N. elongata cluster, the A. filiformis-S. crassa cluster, and the S. steedae-Simonsiella sp. cluster display a close phylogenetic relationship supported by the high bootstrap replicates (more than 70%). With the alignment analyses of the 16S rRNA secondary structure these clusters show signature nucleotides located at the stem (position of 16S rDNA sequence154-157/167-164, E. coli numbering system). This finding was supported by the Only bootstrap values over 70% are shown.
Based on the results mentioned above and Rossau et al. 1989 , the genus Simonsiella should be divided into three different taxonomic groups: i.e., the S. muelleri cluster, the S. steedae-Simonsiella sp. cluster and the S. crassa-A. filiformis cluster. A close phylogenetic relationship, but not more than 97% of the 16S rDNA sequence similarity level, was found between A. filiformis and S. crassa, which were within the common index of 16S rDNA sequence for the species-level differentiation (Gillis et al., 2001) . Therefore, S. crassa and A. filiformis were suggested to be the same genus, and S. crassa should be transferred to the genus Alysiella as Alysiella crassa. S. steedae and the strains of Simonsiella sp. cluster were not included in the genus Alysiella, and their genetic distance is too far from the type species of the genus Simonsiella, S. muelleri. Therefore, a new genus Conchiformibium is proposed for them, and S. steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) should then be transferred to the new genus as Conchiformibium steedae comb. nov. and Conchiformibium kuhniae comb. nov., respectively.
The discrepancies in phylogenetic placement of the genera Neisseria and Kingella display a distinct profile in the analyses of 16S rDNA sequences by NJ and ML methods. N. elongata, K. denitrificans and E. corrodens form a cluster with the 16S rDNA sequence similarity of more than 97%. The phylogenetic position of K. denitrificans is distant from that of the other Kingella species with only 95% 16S rDNA sequence similarity. Some biochemical characteristics of K. denitrificans are quite different from those of the genus Kingella but similar to those of E. corrodens (Dewhirst et al., 1989) . N. elongata displays lower genetic affinities to the classical concept of the Neisseriaceae which was verified by the phylogenetic analyses of argF, recA and rho (Smith et al., 1999) and by the biochemical characterization (Bøvre, 1984) . The exact taxonomic allocation of N. elongata and K. denitrificans needs to be studied more in the future. The phylogenetic position of N. denitrificans is distant from that of the Neisseria cluster with the type species N. gonorrhoeae and forms an in- 2005 Phylogenetic analysis of Alysiella 7 
Position of base pair
Nucleotide positions are according to the E. coli numbering (Brosius et al., 1978) .
X IE and YOKOTA Vol. 51 Table 4 . Differential characteristics of the species in the genera Eikenella, Alysiella, Kingella, Neisseria and Conchiformibium. Data from Bøvre 1984, b data from Kuhn et al., 1978. ϩ, all species in the genus are positive; ϩ/Ϫ, some species in the genus are positive or negative; Ϫ, all species in genus are negative; ND, no data or not tested. dependent cluster supported by the low bootstrap value (less than 70%). The acid production from mannose, and presence of a large amount of 3OH-14:0 but absence 3OH-12:0, were significantly different from other Neisseria species. The GϩC content of the DNA is 56.6 mol%, which is 3-7 and 13 mol% higher than for other Neisseria species and S. muelleri, respectively. N. denitrificans is also characterized by a unique signature sequence of 16S rDNA differentiated from other members of Neisseriaceae. We agree with a view of Rossau et al. (1989) that the taxonomic placement of N. denitrificans should be reclassified, for which Bergerieella gen. nov. is proposed and referred to as Bergeriella denitrificans sp. nov.
Conclusion
In summary, based on the genotypic and phenotypic comparisons, S. crassa should be accommodated in the genus Alysiella. Simonsiella steedae and Simonsiella sp. of cat origin (Kuhn et al., 1978) should be reclassified to a new genus, Conchiformibium. Neisseria denitrificans was reclassified as Bergeriella denitrificans gen. nov., sp. nov. These results are supported by the data of rRNA cistron similarities and DNA-DNA relatedness (Rossau et al., 1989) , and might be confirmed by phylogenetic analysis (Dewhirst et al., 1989) .
Description of Alysiella crassa comb. nov.
Basonym: Simonsiella crassa Schmid in Simons 1922, 509 AL .
Alysiella crassa (cras'sa. L. fem. adj. crassa thick). Cells are Gram-negative, filamentous, and show gliding motility. Growth occurs at 27-43°C, at pH 6-8 and at 1.5% NaCl. Oxidase and catalase are positive. Acid is produced from glucose, maltose, trehalose, ribose, fructose, sucrose and mannitol. Gelatin, casein and serum are degraded. Reduction of nitrate to nitrite is negative, while reduction of nitrite to nitrogen gas is positive. The quinone system is ubiquinone-8. The major fatty acid compositions are 16:1 w7c, 16:0, 18:1 w7c, 14:0. The major hydroxy fatty acid is 3OH-12:0. The GϩC content of the DNA is 45-50 mol%. Habitat: Oral cavity of sheep.
The type strain is IAM 14969 T (ϭATCC 15533 T ). According to Kuhn et al. 1977 , the additional strains also isolated from the oral cavity of sheep are ATCC 27504, ATCC 29446, ATCC 29447 and ATCC 29448.
Description of Conchiformibium gen. nov. Conchiformibium (Con.chi'for.mi.bium. L. n. conchiformis shell-shaped; Gr. n. bium life; Conchiformibium shell-shaped life).
Cells have lateral curvature of the filaments, and show gliding motility. Grows at 37°C, but cannot grow at 27°C or 43°C. Grow at pH 7.0 but not at pH 6.0. Oxidase and catalase are positive. Acid is not produced from glucose, maltose, trehalose, ribose, fructose, sucrose, mannitol or salicin. Gelatin and casein are not degraded. Reduction of nitrite to nitrogen gas is negative. Quinone system is ubiquinone-8. The GϩC content of the DNA is 50-55 mol%. Habitat: Oral cavity of animals (dogs and cats). This genus consists of two species, the type species C. steedae and C. kuhniae.
Description of Conchiformibium steedae comb. nov.
Basonym: Simonsiella steedae Kuhn and Gregory 1978, 13 AL .
Conchiformibium steedae (stee'da.e N. L. gen. n. steedae of Steed; named for P. Steed Glaister, who first isolated axenic cultures of Simonsiella and erected the family Simonsiellaceae).
Cells are filamentous, and show gliding motility. Grows at pH 8.0 and at 1.5% NaCl. Reduction of nitrate to nitrite is positive. Quinone system is ubiquinone-8. The major fatty acid compositions are 16:0, 14:0, 16:1 w7c, and 18:1 w7c. The major hydroxy fatty acid is 3OH-12:0. The GϩC content of the DNA is 50-55 mol%. Habitat: Oral cavity of dogs.
The type strain of C. steedae is IAM 14972 T (ϭATCC 27409 T ). According to Kuhn et al. 1977 , additional strains isolated from oral cavity of dogs are ATCC 29457, ATCC 29445 and ATCC 29435.
Description of Conchiformibium kuhniae sp. nov.
Conchiformibium kuhniae (kuhni.ae N. L. gen. n. kuhniae of Kuhn; name for D. A. Kuhn, who first described these organisms).
Cells are filamentous, and show gliding motility. Grows at pH 8.0 and at 1.5% NaCl. Reduction of nitrate to nitrite is negative. The major fatty acid compositions are 16:0, 14:0, 16:1 w7c and 18:1 w7c. The major hydroxy fatty acid is 3OH-12:0. The GϩC content of the DNA is 50-55 mol%. The respiratory quinone is Q-8. Habitat: Oral cavity of cats.
The type strain of C. kuhniae is IAM 15037 T (ϭATCC 29437 T ). According Kuhn et al. 1977 , additional strains isolated from the oral cavity of cat are IAM 15038 (ϭATCC 29465), IAM 15036 (ϭATCC 29436) and ATCC 27381.
Description of Bergeriella gen. nov.
Bergeriella (Ber.ge.rie.l'la. N. L. fem. n. Berger named after H. Berger, who first described these organisms, ending-ella; N. L. fem. n. Bergeriella, organism of Berger).
Cells are cocci and aerobic. Catalase is absent. No pigment is produced. Unlike the other Neisseria species, it can produce acid from mannose, and acid is produced from glucose, fructose and sucrose, but not from maltose. Nitrate reduction is negative, but nitrite reduction is positive. Carbonic anhydrase is produced. The major cellular fatty acid composition is 16:0, 16:1 w7c and 12:0; the major hydroxy fatty acid composition is 3OH-14:0 (Lambert et al., 1971) . The GϩC content of the DNA is 55.6 mol%.
The type species of the genus Bergeriella is B. denitrificans.
Description of Bergeriella denitrificans comb. nov. (basonym "Neisseria denitrificans" Berger 1962, 455 AL ) Bergeriella denitrificans (de.ni.tri'fi.cans. L.prep. de away from; L. nitrum soda; N. L. n. nitrum nitrate; N. L. v. denitrifico to denitrify; N. L. part. adj. denitrificans denitrifying).
Cells are cocci. Lysine decarboxylase, ornithine decarboxylase, proline aminopeptidase and alkaline phosphatase were not presented. Resaurin reduction is positive. Its name is based on its ability to reduce nitrite to nitrogen gas. Habitat: Throats of guinea pigs.
The type strain is ATCC 14686 T (ϭCCUG 2155 T ϭNCTC 10295 T ). The GϩC content of the type strain is 55.6%.
